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DATA TRANSMISSION METHOD,
APPARATUS AND SYSTEM

This application 1s a continuation application of Interna-
tional Application No. PCT/CN2018/110616, filed on Oct.
17, 2018, which claims priority of Chinese Patent Applica-

tion No. 201810133697.8, filed on Feb. 9, 2018, which 1s
incorporated herein by reference 1n 1ts entirely.

BACKGROUND

Technical Field

The present mvention relates to the field of communica-
tion technologies, and 1n particular, to a data transmission
method, apparatus and system.

Related Art

An unmanned aerial vehicle 1s abbreviated as “UAV”, and
1s an unmanned aircraft operated by a radio remote control
device and a selt-provided program control apparatus. The
UAV 1s responsible for tasks such as ground monitoring,
target tracking, and military strikes, and play an extremely
important role in the military and civilian fields because of
a small size and strong flexibility. Performance of a trans-
mission link of the UAV directly determines safety and tlight
clliciency of a mission of the UAV., The transmission link of
the UAV may be divided into an uplink and a downlink
according to different data transmission directions. The
uplink mainly completes sending of a remote control
instruction from a ground end to the UAV to implement
real-time control of tlight attitude and command automation.
The downlink mainly completes transmission of information
such as telemetry data and a TV reconnaissance image from
the UAV to the ground end.

Currently, a single-band wireless transmission link or a
dual-band wireless transmission link 1s mainly used for data
transmission between the UAV to the ground end. In a
single-band wireless transmaission link, checking and noise
measurement are performed on a signal 1n a frequency band
to select appropriate frequency hopping. In a dual-band
wireless transmission link, only one of frequency bands can
be selected for checking and noise measurement to select
appropriate frequency hopping.

However, when the UAV transmits data to the ground end,
the data transmission 1s prone to interference from an
external signal, resulting in instability of a wireless trans-

mission link and aflecting quality of the data transmission
between the UAV and the ground end.

SUMMARY

The present imvention provides a data transmission
method, apparatus and system, to improve stability of a
wireless transmission link between a UAV and a ground end.

In a first aspect, an embodiment of the present invention
provides a data transmission method, including:

in a detection period, recerving a first pilot signal sent by

a UAV, the first pilot signal being a downlink signal
obtained by modulating a useful signal at a preset
candidate frequency, and the preset candidate fre-
quency including a frequency in a same frequency band
and/or different frequency bands;

determining a downlink operating frequency from the

preset candidate frequency according to the first pilot
signal;
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2

sending a first feedback signal to the UAYV, the first
teedback signal including information about the down-
link operating frequency; and receiving downlink data
sent by the UAV and modulated at the downlink
operating frequency.

Optionally, the same frequency band and/or different

frequency bands include/includes more than one frequency
band of 2.4 GHz, 900 MHz and 5.8 GHz.

Optionally, the determining a downlink operating fre-
quency from the preset candidate frequency according to the
first pilot signal includes:

obtaining a power and a noise power of the useful signal

in the first pilot signal to obtain a signal-to-noise ratio
of the preset candidate frequency corresponding to the
first pilot s1gnal; and using a preset candidate frequency
with a maximum signal-to-noise ratio in the preset
candidate frequency corresponding to the first pilot
signal as the downlink operating frequency.

In a second aspect, an embodiment of the present inven-
tion provides a data transmission method, including:

in a detection period, receiving a second pilot signal sent
by a remote control, the second pilot signal being an uplink
signal obtained by modulating a useful signal at a preset
candidate frequency, and the preset candidate frequency
including a frequency in a same frequency band and/or
different frequency bands;

determinming an uplink operating frequency from the pre-
set candidate frequency according to the second pilot signal;

sending a second feedback signal to the remote control,
the second feedback signal including information about the
uplink operating frequency; and

recerving uplink data sent by the remote control and
modulated at the uplink operating frequency.

Optionally, the same frequency band and/or different
frequency bands include/includes more than one frequency
band of 2.4 GHz, 900 MHz and 5.8 GHz.

Optionally, the determining an uplink operating frequency
from the preset candidate frequency according to the second
pilot signal 1includes:

obtaining a power and a noise power of the useful signal
in the second pilot signal to obtain a signal-to-noise ratio of
the preset candidate frequency corresponding to the second
pilot signal; and

using a preset candidate frequency with a maximum
signal-to-noise ratio i the preset candidate frequency cor-
responding to the second pilot signal as the uplink operating
frequency.

In a third aspect, an embodiment of the present invention
provides a data transmission method, icluding:

sending, by a UAV, a first pilot signal to a remote control
in a detection period, the first pilot signal being a downlink
signal obtained by modulating a useful signal at a preset
candidate frequency, and the preset candidate frequency
including a frequency in a same frequency band and/or
different frequency bands;

receiving, by the remote control, the first pilot signal sent
by the UAV, and determining a downlink operating 1ire-
quency from the preset candidate frequency according to the
first pilot signal;

sending, by the remote control, a first feedback signal to
the UAV, the first feedback signal including information
about the downlink operating frequency; and

recerving, by the UAYV, the first feedback signal sent by the
remote control, modulating downlink data at the downlink
operating frequency, and sending the modulated downlink
data to the remote control.
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Optionally, the sending, by a UAV, a first pilot signal to a
remote control i a detection period includes:

determining the preset candidate frequency;

modulating the useful signal at the preset candidate fre-
quency to obtain the first pilot signal corresponding to the
preset candidate frequency;

determining duration of the detection period and a send-
ing time interval of each first pilot signal according to a
quantity of preset candidate frequencies; and

sending the first pilot signal to the remote control 1n the
detection period according to the sending time interval of
cach first pilot signal.

Optionally, the determining the preset candidate fre-
quency 1ncludes:

selecting at least two preset candidate frequencies from a
same frequency band and/or different frequency bands,
where each frequency band corresponds to one independent
communication link a time division duplex mode being
adopted for communication on the commumnication link.

Optionally, the same frequency band and/or different
frequency bands include/includes more than one frequency
band of 2.4 GHz, 900 MHz and 5.8 GHz.

Optionally, the downlink operating {frequency 1s a preset
candidate frequency corresponding to a first pilot signal with
a maximum signal-to-noise ratio 1n the first pilot signal
received by the remote control in the detection period.

In a fourth aspect, an embodiment of the present invention
provides a data transmission method, including:

sending, by a remote control, a second pilot signal to a
UAV 1n a detection period, the second pilot signal being an
uplink signal obtained by modulating a useful signal at a
preset candidate frequency, and the preset candidate fre-
quency including a frequency 1n a same Irequency band
and/or different frequency bands;

receiving, by the UAYV, the second pilot signal sent by the
remote control, and determining an uplink operating ire-
quency from the preset candidate frequency according to the
second pilot signal;

sending, by the UAV, a second feedback signal to the
remote control, the second feedback signal including infor-
mation about the uplink operating frequency; and

receiving, by the remote control, the second feedback
signal sent by the UAV, modulating uplink data at the uplink
operating frequency, and sending the modulated uplink data
to the UAV.

Optionally, the sending, by a remote control, a second
pilot signal to a UAV 1n a detection period includes:

determining the preset candidate frequency;

modulating the useful signal at the preset candidate fre-
quency to obtain the second pilot signal corresponding to the
preset candidate frequency;

determining duration of the detection period and a send-
ing time 1nterval of each second pilot signal according to a
quantity of preset candidate frequencies; and sending the
second pilot signal to the UAV in the detection period
according to the sending time interval of each second pilot
signal.

Optionally, the determining the preset candidate fre-
quency includes:

selecting at least two preset candidate frequencies from a
same Irequency band and/or different frequency bands,
where each frequency band corresponds to one independent
communication link, a time division duplex mode being
adopted for communication on the commumnication link.

Optionally, the same frequency band and/or different
frequency bands include/includes more than one frequency

band of 2.4 GHz, 900 MHz and 5.8 GHz.
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Optionally, the uplink operating frequency 1s a preset
candidate frequency corresponding to a second pilot signal
with a maximum signal-to-noise ratio 1n the second pilot
signal received by the UAV 1n the detection period.

In a fifth aspect, an embodiment of the present invention
provides a data transmission apparatus, mcluding:

a recerving module configured to receive, 1n a detection
period, a first pilot signal sent by a UAYV, the first pilot signal
being a downlink signal obtained by modulating a usetul
signal at a preset candidate frequency, and the preset can-
didate frequency including a frequency in a same frequency
band and/or different frequency bands;

a determining module configured to determine a downlink
operating frequency Ifrom the preset candidate frequency
according to the first pilot signal; and

a sending module configured to send a first feedback
signal to the UAYV, the first feedback signal including infor-
mation about the downlink operating frequency, and

the recerving module being further configured to receive
downlink data sent by the UAV and modulated at the
downlink operating frequency.

Optionally, the same frequency band and/or different
frequency bands include/includes more than one frequency
band of 2.4 GHz, 900 MHz and 5.8 GHz.

Optionally, the determining module 1s specifically con-
figured to:

obtain a power and a noise power of the useful signal 1n
the first pilot signal to obtain a signal-to-noise ratio of the
preset candidate frequency corresponding to the first pilot
signal; and

use a preset candidate frequency with a maximum signal-
to-noise ratio 1 the preset candidate frequency correspond-
ing to the first pilot signal as the downlink operating
frequency.

In a sixth aspect, an embodiment of the present invention
provides a data transmission apparatus, mcluding:

a recerving module configured to receive, 1n a detection
period, a second pilot signal sent by a remote control, the
second pilot signal being an uplink signal obtained by
modulating a useful signal at a preset candidate frequency,
and the preset candidate frequency including a frequency 1n
a same Irequency band and/or different frequency bands;

a determining module configured to determine an uplink
operating frequency from the preset candidate frequency
according to the second pilot signal; and

a sending module configured to send a second feedback
signal to the remote control, the second feedback signal
including iformation about the uplink operating frequency,
and

the recerving module being further configured to receive
uplink data sent by the remote control and modulated at the
uplink operating frequency.

Optionally, the same frequency band and/or different
frequency bands include/includes more than one frequency
band of 2.4 GHz, 900 MHz and 5.8 GHz.

Optionally, the determining module 1s specifically con-
figured to:

obtain a power and a noise power of the usetul signal 1n
the second pilot signal to obtain a signal-to-noise ratio of the
preset candidate frequency corresponding to the second pilot
signal; and

use a preset candidate frequency with a maximum signal-
to-noise ratio 1 the preset candidate frequency correspond-
ing to the second pilot signal as the uplink operating
frequency.
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In a seventh aspect, an embodiment of the present inven-
tion provides a data transmission system, including: a UAV

and a remote control,

the UAV being configured to perform the method 1n any
of the above second aspect, and

the remote control being configured to perform the
method 1 any one of the above {first aspect.

In an eighth aspect, an embodiment of the present inven-
tion provides a data transmission device, including:

a memory configured to store a program;

a processor configured to execute the program stored in
the memory, when the program 1s executed, the processor
being configured to perform the method in any of the first
aspect.

In a ninth aspect, an embodiment of the present invention
provides a data transmission device, including:

a memory configured to store a program;

a processor configured to execute the program stored in
the memory, when the program 1s executed, the processor
being configured to perform the method 1n any of the second
aspect.

In a tenth aspect, an embodiment of the present invention
provides a computer readable storage medium, including an
instruction that, when run on a computer, causes a computer
to perform the method 1n any of the first aspect.

In an eleventh aspect, an embodiment of the present
invention provides a computer readable storage medium,
including an instruction that, when run on a computer,
causes a computer to perform the method 1n any of the
second aspect.

According to the data transmission method, apparatus and
system provided in the present invention, the first pilot
signal sent by the UAV 1s received 1n the detection period,
the first pilot signal being a downlink signal obtained by
modulating the useful signal at the preset candidate fre-
quency, and the preset candidate frequency including a
frequency 1n a same frequency band and/or diflerent fre-
quency bands; the downlink operating frequency is deter-
mined from the preset candidate frequency according to the
first pilot signal; the first feedback signal 1s sent to the UAV,
the first feedback signal including the information about the
downlink operating frequency; and the downlink data sent
by the UAV and modulated at the downlink operating
frequency 1s received. In this way, frequency detection 1n a
same frequency band and/or across Ifrequency bands 1s
implemented to select an optimal preset candidate frequency
as an operating frequency, so that data transmission between
a UAV and a remote control 1s more stable, interference from
an external signal 1s reduced, and quality of data transmis-
sion between the UAV and a ground end 1s improved.

BRIEF DESCRIPTION OF THE DRAWINGS

To more clearly describe the technical solutions in the
embodiments of this application or in the prior art, the
following will briefly introduce the drawings required for
describing the embodiments or the prior art. It 1s apparent
that the drawings 1n the following description are only some
embodiments described in the present invention, and a
person of ordinary skill 1in the art may obtain other drawings
on the basis of these drawings without any creative eflort.

FIG. 1 1s a schematic diagram of a {first application
scenar1o according to the present invention.

FIG. 2 1s a flowchart of a data transmission method
according to Embodiment 1 of the present invention.

FIG. 3 1s a flowchart of a data transmission method
according to Embodiment 2 of the present invention.
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FIG. 4 1s a flowchart of a data transmission method
according to Embodiment 3 of the present invention.

FIG. 5 1s a flowchart of a data transmission method
according to Embodiment 4 of the present invention.

FIG. 6 1s a schematic structural diagram of a data trans-
mission apparatus according to Embodiment 5 of the present
ivention.

FIG. 7 1s a schematic structural diagram of a data trans-
mission apparatus according to Embodiment 6 of the present
invention.

FIG. 8 1s a schematic structural diagram of a data trans-
mission system according to Embodiment 7 of the present
invention.

FIG. 9 1s a schematic structural diagram of a data trans-
mission device according to Embodiment 8 of the present
invention.

DETAILED DESCRIPTION

To make the objectives, technical solutions, and advan-
tages ol the embodiments of the present invention clearer,
the following clearly and completely describes the technical
solutions 1n the embodiments of the present invention with
reference to the accompanying drawings 1n the embodiments
of the present invention. Apparently, the described embodi-
ments are merely some embodiments of the present appli-
cation rather than all of the embodiments. All other embodi-
ments obtained by a person of ordinary skill in the art based
on the embodiments of the present invention without cre-
ative efforts shall fall within the protection scope of the
present 1nvention.

In the specification, claims, and accompanying drawings
of the present invention, the terms “first”, “second”, “third”,
“fourth”, and so on (1 existent) are itended to distinguish
between similar objects rather than describe a specific order
or sequence. It should be understood that the data used 1n
such a way are interchangeable in proper circumstances so
that the embodiments of the present invention described
herein can be implemented 1n orders except the order
illustrated or described herein. Moreover, the terms
“include”, “contain” and any other variants mean to cover
the non-exclusive inclusion, for example, a process, method,
system, product, or device that includes a list of steps or
units 1s not necessarily limited to those steps or units that are
expressly listed, but may include other steps or units not
expressly listed or inherent to such a process, method,
system, product, or device.

The following describes technical solutions of the present
invention in detail with reference to specific embodiments.
The following specific embodiments may be mutually com-
bined, and same or similar concepts or processes may not be
repeatedly described 1mn some embodiments.

In the following, some terms in this application are
described, so as to help a person skilled 1n the art has a better
understanding.

(1) A UAV, short for an unmanned aerial vehicle, 1s an
unmanned aircrait operated by a radio remote control device
and a self-provided program control apparatus.

(2) Time division duplex means that uplink and downlink
channels use a same frequency. In a time division duplex
mode, transmission of information in an uplink and a
downlink may be performed 1n a same carrier frequency, that
1s, the transmission of the information in the uplink and the
downlink 1s implemented on a same carrier through time
division.

(3) A signal-to-noise ratio 1s a parameter describing a
proportional relationship between an eflective component
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and a noise component in a signal. Different application
fields have different specific definitions. A relatively com-
mon signal-to-noise ratio may be: a ratio of a rated maxi-
mum signal power to a static noise power when there 1s no
signal, or a ratio of a power of the effective component to a
power ol the noise component in the signal, and a unit 1s dB.

A data transmission method provided in the present
invention can improve stability of a wireless transmission
link between a UAV and a ground end. FIG. 1 1s a schematic
diagram of a first application scenario according to the
present invention. As shown in FIG. 1, data i1s transmitted
between a UAV and a ground remote control end through n
mutually independent communication links, where n 1s a
natural number greater than or equal to 2. Each communi-
cation link adopts a single-transmit and dual-receive oper-
ating mode, so that downlink data can be sent and uplink
data can be recerved. Specifically, in a detection period, the
UAV may send a first pilot signal to a remote control (which
may be a detection signal sent by the UAV to the remote
control) through any communication link, and receive a
second pilot signal sent by the remote control (which may be
a detection signal sent by the remote control to the UAV).
The first pilot signal and the second pilot signal may be
transmitted on a same communication link or different
communication links. The remote control may determine a
downlink operating frequency accordmg to signal-to-noise
ratios ol different frequencies in the received first pilot
signal. The UAV may determine an uplink operating ire-
quency according to signal-to-noise ratios of different fre-
quencies 1n the received second pilot signal. After the uplink
operating frequency and the downlink operating frequency
are determined, the UAV may receive, through a commu-
nication link corresponding to a frequency band on which
the uplink operating frequency 1s located, uplink data sent by
the remote control. The remote control may receive, through
a communication link corresponding to a frequency band on
which the downlink operating frequency 1s located, down-
link data sent by the UAV.

The technical solutions of the present invention and how
the technical solutions of the present application resolve the
above technical problems are described 1n detail below with
specific embodiments. The following several specific
embodiments may be combined with each other, and a same
or similar concept or process may not be described repeat-
edly 1n some embodiments. The following describes the
embodiments of the present invention with reference to the
accompanying drawings.

FIG. 2 1s a flowchart of a data transmission method
according to Embodiment 1 of the present invention. As
shown in FIG. 2, the method in this embodiment may
include the following steps.

S101. In a detection period, recerve a first pilot signal sent
by a UAV.

In this embodiment, the UAV may first determine a preset
candidate frequency; modulate a usetul signal at the preset
candidate frequency to obtain a first pilot signal correspond-
ing to the preset candidate frequency; determine duration of
the detection period and a sending time interval of each first
pilot signal according to a quantity of preset candidate
frequencies; and send the first pilot signal to a remote control
in the detection period according to the sending time interval
of each first pilot signal. The first pilot signal 1s a downlink
signal obtained by modulating the useful signal at the preset
candidate frequency, and the preset candidate frequency
includes a frequency in a same Irequency band and/or
different frequency bands. The determining a preset candi-
date frequency may be selecting at least two preset candidate
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frequencies from a same frequency band and/or different
frequency bands. The same frequency band and/or difierent
frequency bands include/includes more than one frequency
band of 2.4 GHz, 900 MHz and 5.8 GHz. Each frequency
band corresponds to one mdependent commumnication link, a
time division duplex mode being adopted for communica-
tion on the communication link. Taking two communication
links as an example, one of the two communication links has
a frequency band of 2.4 GHz and the other has a frequency
band of 900 MHz. By applying the method in this embodi-
ment, several preset candidate frequencies may be selected
in the frequency band of 2.4 GHz, or several preset candi-
date frequencies may be selected in the frequency band of
900 MHz. It should be noted that a quantity of selected
preset candidate frequencies and a detection order of the
selected preset candidate frequencies are not limited 1n this
embodiment. In addition, a quantity of communication links
may be increased or decreased according to a quantity of
applicable frequency bands.

S102. Determine a downlink operating frequency from
the preset candidate frequency according to the first pilot
signal.

Optionally, a power and a noise power of the useful signal
in the first pilot signal are obtained to obtain a signal-to-
noise ratio of the preset candidate frequency corresponding
to the first pilot signal; and

a preset candidate frequency with a maximum signal-to-
noise ratio in the preset candidate frequency corresponding
to the first pilot signal 1s used as the downlink operating
frequency.

In this embodiment, the remote control detects and ana-
lyzes each received first pilot signal to obtain the power and
the noise power of the useful signal 1n the first pilot signal,
and then obtains the signal-to-noise ratio of the preset
candidate frequency corresponding to the first pilot signal
according to a ratio of the power to the noise power of the
usetul signal 1n the first pilot signal. After obtaining signal-
to-noise ratios of preset candidate frequencies correspond-
ing to all first pilot signals 1n the detection period, the remote
control selects the preset candidate frequency with the
maximum signal-to-noise ratio in the preset candidate fre-
quency corresponding to the first pilot signal as the down-
link operating frequency.

S103. Send a first feedback signal to the UAV, the first
feedback signal including information about the downlink
operating frequency.

In this embodiment, the remote control sends the first
teedback signal to the UAV after determining the downlink
operating {requency, the first feedback signal including the
information about the downlink operating frequency, which
1s used to mstruct the UAV to send downlink data according
to the downlink operating frequency.

S5104. Receive downlink data sent by the UAV and
modulated at the downlink operating frequency.

In this embodiment, the first pilot signal sent by the UAV
1s received 1n the detection period, the first pilot signal being
a downlink signal obtained by modulating the useful signal
at the preset candidate frequency, and the preset candidate
frequency including a frequency 1n a same frequency band
and/or different frequency bands; the downlink operating
frequency 1s determined from the preset candidate frequency
according to the first pilot signal; the first feedback signal 1s
sent to the UAV, the first feedback signal including the
information about the downlink operating frequency; and
the downlink data sent by the UAV and modulated at the
downlink operating Ifrequency 1s received. In this way,
frequency detection 1n a same frequency band and/or across
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frequency bands 1s implemented to select an optimal preset
candidate frequency as an operating frequency, so that data
transmission between a UAV and a remote control 1s more
stable, iterference from an external signal 1s reduced, and
quality of data transmission between the UAV and a ground
end 1s 1mproved.

In this embodiment, the first pilot signal sent by the UAV
1s received 1n the detection period, the first pilot signal being
a downlink signal obtained by modulating the usetul signal
at the preset candidate frequency, and the preset candidate
frequency including a frequency 1n a same frequency band
and/or different frequency bands; the downlink operating
frequency 1s determined from the preset candidate frequency
according to the first pilot signal; the first feedback signal 1s
sent to the UAV, the first feedback signal including the
information about the downlink operating frequency; and
the downlink data sent by the UAV and modulated at the
downlink operating Ifrequency 1s received. In this way,
frequency detection 1n a same frequency band and/or across
frequency bands 1s implemented to select an optimal preset
candidate frequency as an operating frequency, so that data
transmission between a UAV and a remote control 1s more
stable, mterference from an external signal i1s reduced, and
quality of data transmission between the UAV and a ground
end 1s 1mproved.

FIG. 3 1s a flowchart of a data transmission method
according to Embodiment 2 of the present invention. As
shown 1 FIG. 3, the method in this embodiment may
include the following steps.

S201. In a detection period, receive a second pilot signal
sent by a remote control.

In this embodiment, a remote control may first determine
a preset candidate frequency; modulate a useful signal at the
preset candidate frequency to obtain a second pilot signal
corresponding to the preset candidate frequency; determine
duration of the detection period and a sending time interval
of each second pilot signal according to a quantity of preset
candidate frequencies; and send the second pilot signal to a
UAYV 1n the detection period according to the sending time
interval of each second pilot signal. The determiming a preset
candidate frequency may be selecting at least two preset
candidate frequencies from a same frequency band and/or
different frequency bands. The same frequency band and/or
different frequency bands include/includes more than one
frequency band of 2.4 GHz, 900 MHz and 3.8 GHz. Each
frequency band corresponds to one independent communi-
cation link, a time division duplex mode being adopted for
communication on the communication link. Taking two
communication links as an example, one of the two com-
munication links has a frequency band of 2.4 GHz and the
other has a frequency band of 900 MHz. By applying the
method 1n this embodiment, several preset candidate fre-
quencies may be selected 1n the frequency band of 2.4 GHz,
or several preset candidate frequencies may be selected 1n
the frequency band of 900 MHz. It should be noted that a
quantity ol selected preset candidate frequencies and a
detection order of the selected preset candidate frequencies
are not limited 1n this embodiment. In addition, a quantity of
communication links may be increased or decreased accord-
ing to a quantity of applicable frequency bands.

S202. Determine an uplink operating frequency from the
preset candidate frequency according to the second pilot
signal.

Optionally, a power and a noise power of the useful signal
in the second pilot signal are obtained to obtain a signal-to-
noise ratio of the preset candidate frequency corresponding,
to the second pilot signal; and
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a preset candidate frequency with a maximum signal-to-
noise ratio in the preset candidate frequency corresponding
to the second pilot signal 1s used as the uplink operating
frequency.

In this embodiment, the UAV detects and analyzes each
received pilot signal to obtain the power and the noise power
of the useful signal 1n the second pilot signal, and then
obtains the signal-to-noise ratio of the preset candidate
frequency corresponding to the second pilot signal accord-
ing to a ratio of the power to the noise power of the useful
signal 1n the second pilot signal. After obtaining signal-to-
noise ratios of preset candidate frequencies corresponding to
all second pilot signals 1n the detection period, the UAV
selects the preset candidate frequency with the maximum
signal-to-noise ratio in the preset candidate frequency cor-
responding to the second pilot signal as the uplink operating
frequency.

S203. Send a second feedback signal to the remote
control, the second feedback signal including information
about the uplink operating frequency.

In this embodiment, the UAV sends the second feedback
signal to the remote control after determining the uplink
operating frequency, the second feedback signal including
the information about the uplink operating frequency, which
1s used to instruct the remote control to send uplink data
according to the uplink operating frequency.

S5204. Receive uplink data sent by the remote control and
modulated at the uplink operating frequency.

In this embodiment, the UAV receives the uplink data sent
by the remote control and modulated at the uplink operating
frequency, and the uplink data mainly includes a control
istruction sent by the remote control.

In this embodiment, the second pilot signal sent by the
remote control 1s received 1n the detection period, the second
pilot signal being an uplink signal obtained by modulating
the useful signal at the preset candidate frequency, and the
preset candidate frequency including a frequency 1n a same
frequency band and/or different frequency bands; the uplink
operating frequency 1s determined from the preset candidate
frequency according to the second pilot signal; the second
teedback signal 1s sent to the remote control, the second
teedback signal including the information about the uplink
operating frequency; and the uplink data sent by the remote
control and modulated at the uplink operating frequency 1is
received. In this way, frequency detection 1 a same Ire-
quency band and/or across frequency bands 1s implemented
to select an optimal preset candidate frequency as an oper-
ating frequency, so that data transmission between a UAV
and a remote control 1s more stable, interference from an
external signal i1s reduced, and quality of data transmission
between the UAV and a ground end 1s improved.

FIG. 4 1s a flowchart of a data transmission method
according to Embodiment 3 of the present mvention. As
shown i FIG. 4, the method 1n this embodiment may
include the following steps.

S301. A UAV sends a first pilot signal to a remote control
in a detection period.

In this embodiment, the UAV may first determine a preset
candidate frequency; modulate a useful signal at the preset
candidate frequency to obtain a first pilot signal correspond-
ing to the preset candidate frequency; determine duration of
the detection period and a sending time interval of each first
pilot signal according to a quantity ol preset candidate
frequencies; and send the first pilot signal to a remote control
in the detection period according to the sending time interval
of each first pilot signal. The first pilot signal 1s a downlink
signal obtained by modulating the usetful signal at the preset
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candidate frequency, and the preset candidate frequency
includes a frequency 1 a same frequency band and/or
different frequency bands. The determining a preset candi-
date frequency may be selecting a plurality of preset can-
didate Ifrequencies from a same frequency band and/or
C
C

ifferent frequency bands. The same frequency band and/or
ifferent frequency bands include/includes more than one
frequency band of 2.4 GHz, 900 MHz and 3.8 GHz. Each
frequency band corresponds to one independent communi-
cation link, a time division duplex mode being adopted for
communication on the communication link. Taking two
communication links as an example, one of the two com-
munication links has a frequency band of 2.4 GHz and the
other has a frequency band of 900 MHz. By applying the
method 1n this embodiment, several preset candidate fre-
quencies may be selected 1n the frequency band of 2.4 GHz,
or several preset candidate frequencies may be selected 1n
the frequency band of 900 MHz. It should be noted that a
quantity of selected preset candidate frequencies and a
detection order of the selected preset candidate frequencies
are not limited in this embodiment. In addition, a quantity of
communication links may be increased or decreased accord-
ing to a quantity of applicable frequency bands.

S302. The remote control receives the first pilot signal
sent by the UAV, and determines a downlink operating
frequency from the preset candidate frequency according to
the first pilot signal.

Optionally, a power and a noise power of the usetul signal
in the first pilot signal are obtained to obtain a signal-to-
noise ratio of the preset candidate frequency corresponding
to the first pilot signal; and

a preset candidate frequency with a maximum signal-to-
noise ratio in the preset candidate frequency corresponding,
to the first pilot signal 1s used as the downlink operating
frequency.

In this embodiment, the remote control detects and ana-
lyzes each received first pilot signal to obtain the power and
the noise power of the useful signal 1n the first pilot signal,
and then obtains the signal-to-noise ratio of the preset
candidate frequency corresponding to the first pilot signal
according to a ratio of the power to the noise power of the
uselul signal in the first pilot signal. After obtaining signal-
to-noise ratios of preset candidate frequencies correspond-
ing to all first pilot signals 1n the detection period, the remote
control selects the preset candidate frequency with the
maximum signal-to-noise ratio in the preset candidate fre-
quency corresponding to the first pilot signal as the down-
link operating frequency.

S303. The remote control sends a first feedback signal to
the UAV, the first feedback signal including information
about the downlink operating frequency.

In this embodiment, the remote control sends the first
teedback signal to the UAV after determining the downlink
operating frequency, the first feedback signal including the
information about the downlink operating frequency, which
1s used to mstruct the UAV to send downlink data according
to the downlink operating {frequency.

S304. The UAV recerves the first feedback signal sent by
the remote control, modulating downlink data at the down-
link operating frequency, and sending the modulated down-
link data to the remote control.

In this embodiment, the first pilot signal sent by the UAV
1s received 1n the detection period, the first pilot signal being
a downlink signal obtained by modulating the usetul signal
at the preset candidate frequency, and the preset candidate
frequency including a frequency 1n a same frequency band
and/or different frequency bands; the downlink operating
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frequency 1s determined from the preset candidate frequency
according to the first pilot signal; the first feedback signal 1s
sent to the UAV, the first feedback signal including the
information about the downlink operating frequency; and
the downlink data sent by the UAV and modulated at the
downlink operating Irequency 1s received. In this way,
frequency detection 1n a same Irequency band and/or across
frequency bands 1s implemented to select an optimal preset
candidate frequency as an operating frequency, so that data
transmission between a UAV and a remote control 1s more
stable, iterference from an external signal i1s reduced, and
quality of data transmission between the UAV and a ground
end 1s improved. It should be noted that transmission of
uplink data and downlink data 1n this embodiment may be
simultaneously performed. While sending the first pilot
signal to the remote control, the UAV can also receive the
second pilot signal of the remote control. The determining of
the downlink operating frequency and the determining of the
uplink operating frequency are two independent processes.

Therefore, an execution order of the two processes 1s not
limited 1n this embodiment.

FIG. 5 1s a flowchart of a data transmission method
according to Embodiment 4 of the present immvention. As
shown in FIG. 35, the method 1 this embodiment may
include the following steps.

S401. A remote control sends a second pilot signal to a
UAV 1n a detection period.

Optionally, a preset candidate frequency may be first
determined; a useful signal 1s modulated at the preset
candidate frequency to obtain a second pilot signal corre-
sponding to the preset candidate frequency; duration of the
detection period and a sending time interval of each second
pilot signal are determined according to a quantity of preset
candidate frequencies; and the second pilot signal 1s sent to
the UAV 1n the detection period according to the sending
time 1nterval of each second pilot signal.

In this embodiment, the second pilot signal 1s an uplink
signal obtained by modulating the usetful signal at the preset
candidate frequency, and the preset candidate frequency
includes a frequency in a same Irequency band and/or
different frequency bands. The useful signal may be a
detection signal sent by the remote control to the UAV, or
may be to-be-sent uplink data. The uplink data includes a
remote control instruction of the remote control, and the
like. The usetul signal 1s modulated according to the preset
candidate frequency, so that the UAV can obtain a signal-
to-noise ratio of the useful signal to background noise
according to the received second pilot signal, thereby deter-
mining an optimal uplink operating frequency. The deter-
mining a preset candidate frequency may be selecting at
least two preset candidate frequencies from a same fre-
quency band and/or different frequency bands. The same
frequency band and/or different frequency bands include/
includes more than one frequency band of 2.4 GHz, 900
MHz and 5.8 GHz. Each frequency band corresponds to one
independent communication link, a time division duplex
mode being adopted for communication on the communi-
cation link. Taking two communication links as an example,
one of the two communication links has a frequency band of
2.4 GHz and the other has a frequency band of 900 MHz. By
applying the method i1n this embodiment, several preset
candidate frequencies may be selected 1n the frequency band
of 2.4 GHz, or several preset candidate frequencies may be
selected 1n the frequency band of 900 MHz. It should be
noted that a quantity of selected preset candidate frequencies
and a detection order of the selected preset candidate fre-
quencies are not limited 1n this embodiment. In addition, a




US 11,568,737 B2

13

quantity of communication links may be increased or
decreased according to a quantity of applicable frequency

bands.

S402. The UAV receives the second pilot signal sent by
the remote control, and determining an uplink operating
frequency from the preset candidate frequency according to
the second pilot signal.

In this embodiment, the uplink operating frequency 1s
determined by the UAV according to quality of a received
pilot signal. Optionally, the uplink operating frequency may
be a preset candidate frequency corresponding to a second
pilot signal with a maximum signal-to-noise ratio 1n the
second pilot signal received by the remote control in the
detection period. Specifically, it 1s assumed that the UA
sends a pilot signal at a frequency every 2 ms. When the
UAYV detects that an amplitude of a frequency A 1s —80 dBm
and background noise 1s =100 dBm, a signal-to-noise ratio
at the frequency A 1s 20 dB. If the UAV detects that an

amplitude of a frequency B 1s =90 dBm and background
noise 1s —105 dBm after 2 ms, a signal-to-noise ratio at the
frequency B 1s 15 dB. Because the signal-to-noise ratio of
the frequency A 1s greater than that of the frequency B, the
frequency A 1s selected as the uplink operating frequency. It
should be noted that, 1n this embodiment, the frequency A
and the frequency B are used as an example, but a quantity
of frequencies 1s not limited. When pilot signals are sent at
equal intervals, as the quantity of frequencies increases, a
corresponding detection period 1s lengthened.

S403. The UAV sends a second feedback signal to the

remote control, the second feedback signal including infor-
mation about the uplink operating frequency.
S404. The remote control receives the second feedback

signal sent by the UAV, modulates uplink data at the uplink
operating frequency, and sends the modulated uplink data to

the UAV.

In this embodiment, after the uplink operating frequency
1s determined, the remote control modulates the usetul
signal at the uplink operating frequency, and then sends the
uplink data to the UAV through a communication link
corresponding to the uplink operating frequency. The uplink

data 1s mainly a control instruction sent by the remote
control.

In this embodiment, the second pilot signal 1s sent to the
UAYV 1n the detection period, the second pilot signal being an
uplink signal obtained by modulating the useful signal at the
preset candidate frequency, and the preset candidate fre-
quency including a frequency 1n a same Irequency band
and/or different frequency bands; the second feedback signal
sent by the UAV 1s received, the second feedback signal
including the information about the uplink operating fre-
quency; and the uplink data 1s modulated at the uplink
operating frequency, and the modulated uplink data 1s sent
to the UAV. In thus way, frequency detection 1n a same
frequency band and/or across frequency bands 1s 1mple-
mented to select an optimal preset candidate frequency as an
operating frequency, so that data transmission between a
UAV and a remote control 1s more stable, interference from
an external signal 1s reduced, and quality of data transmis-
sion between the UAV and a ground end 1s improved. It
should be noted that transmission of uplink data and down-
link data in this embodiment may be simultaneously per-
formed. While sending the first pilot signal to the remote
control, the UAV can also recerve the second pilot signal of
the remote control. The determining of the downlink oper-
ating frequency and the determining of the uplink operating
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frequency are two independent processes. Therefore, an
execution order of the two processes 1s not limited in this
embodiment.

FIG. 6 1s a schematic structural diagram of a data trans-
mission apparatus according to Embodiment 5 of the present
invention. As shown in FIG. 6, the apparatus 1n this embodi-
ment may 1nclude:

a receiving module 10 configured to receive, 1 a detec-
tion period, a first pilot signal sent by a UAV, the first pilot
signal being a downlink signal obtained by modulating a
usetul signal at a preset candidate frequency, and the preset
candidate frequency including a frequency in a same fre-
quency band and/or different frequency bands;

a determining module 20 configured to determine a down-
link operating frequency from the preset candidate fre-
quency according to the first pilot signal; and

a sending module 30 configured to send a first feedback
signal to the UAYV, the first feedback signal including infor-
mation about the downlink operating frequency, and

the receiving module 10 being further configured to
receive downlink data sent by the UAV and modulated at the
downlink operating frequency.

Optionally, the same frequency band and/or different
frequency bands include/includes more than one frequency

band of 2.4 GHz, 900 MHz and 5.8 GHz.

Optionally, the determining module 20 1s specifically
configured to:

obtain a power and a noise power of the useful signal 1n
the first pilot signal to obtain a signal-to-noise ratio of the
preset candidate frequency corresponding to the first pilot
signal; and

use a preset candidate frequency with a maximum signal-
to-noise ratio 1 the preset candidate frequency correspond-
ing to the first pilot signal as the downlink operating
frequency.

In this embodiment, the technical solution in the method
shown 1n FIG. 2 may be implemented, and an implementa-
tion process and a technical effect thereot are similar to those
of the above method. Details are not described herein again.

FIG. 7 1s a schematic structural diagram of a data trans-
mission apparatus according to Embodiment 6 of the present
invention. As shown 1n FIG. 7, the apparatus 1n this embodi-
ment may include:

a recerving module 40 configured to receive, 1n a detec-
tion period, a second pilot signal sent by a remote control,
the second pilot signal being an uplink signal obtained by
modulating a usetul signal at a preset candidate frequency,
and the preset candidate frequency including a frequency 1n
a same Irequency band and/or different frequency bands;

a determining module 350 configured to determine an
uplink operating frequency from the preset candidate fre-
quency according to the second pilot signal; and

a sending module 60 configured to send a second feed-
back signal to the remote control, the second feedback signal
including information about the uplink operating frequency,
and

the receiving module 40 being further configured to
receive uplink data sent by the remote control and modu-
lated at the uplink operating frequency.

Optionally, the same frequency band and/or different
frequency bands include/includes more than one frequency

band of 2.4 GHz, 900 MHz and 5.8 GHz.
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Optionally, the determining module 50 1s specifically
configured to:

obtain a power and a noise power of the useful signal in
the second pilot signal to obtain a signal-to-noise ratio of the
preset candidate frequency corresponding to the second pilot
signal; and

use a preset candidate frequency with a maximum signal-
to-noise ratio 1n the preset candidate frequency correspond-
ing to the second pilot signal as the uplink operating
frequency.

In this embodiment, the technical solution in the method
shown 1n FIG. 3 may be performed, and an implementation
process and a technical effect thereof are similar to those of
the above method. Details are not described herein again.

FIG. 8 1s a schematic structural diagram of a data trans-
mission system according to Embodiment 7 of the present
invention. As shown in FIG. 8, the systems 1n this embodi-
ment may include:

a UAV 70 and a remote control 80; where a wireless signal
1s transmitted between the UAV 70 and the remote control
80 through at least two independent communication links;

the UAV 70 1s configured to perform the technical solu-
tions 1n the methods shown 1n FIG. 3 and FIG. 5; and

the remote control 80 1s configured to perform the tech-
nical solutions in the methods shown 1n FIG. 2 and FIG. 4.

In this embodiment, the technical solutions in the methods
shown 1 FIG. 2 to FIG. 5 may be perform, and implemen-
tation processes and technical eflects thereof are similar to
those of the above method. Details are not described herein
again.

FIG. 9 1s a schematic structural diagram of a data trans-
mission device according to Embodiment 8 of the present
invention. As shown in FIG. 9, a data transmission device 90
in this embodiment includes:

a processor 91 and a memory 92, where

the memory 92 1s configured to store an executable
instruction, and the memory may be a flash memory. In an
embodiment, the memory 92 may include more than two
memories, and the more than two memories may be respec-
tively disposed 1in a UAV and a remote control.

The processor 91 1s configured to execute the executable
instruction stored in the memory to implement the steps of
the method 1n the foregoing embodiment. For details, refer
to related descriptions 1n the foregoing method embodiment.
In an embodiment, the processor 91 may include more than
two processors, and the more than two processors may be
respectively disposed in a UAV and a remote control. The
processor disposed 1n the UAV 1s configured to implement
the steps of the method in the above embodiment that are
performed by the UAV. The processor disposed in the remote
control 1s configured to implement the steps of the method
in the above embodiment that are performed by the remote
control.

Optionally, the memory 92 may be imndependent or inte-
grated with the processor 91.

When the memory 92 1s a component independent of the
processor 91, the data transmission device 90 may further
include:

a bus 93 configured to connect the memory 92 and the
processor 91.

In addition, an embodiment of this application further
provides a computer-readable storage medium, the com-
puter-readable storage medium storing a computer-execut-
able 1nstruction, the computer-executable instruction, when
executed by at least one processor of user equipment,
causing the user equipment to perform the foregoing various
possible methods.
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The computer-readable medium mcludes a computer stor-
age medium and a communications medium, where the
communications medium includes any medium that enables
a computer program to be transmitted from one place to
another. The storage medium may be any available medium
accessible to a general-purpose or dedicated computer. For
example, a storage medium 1s coupled to a processor, so that
the processor can read information from the storage medium
or write information 1nto the storage medium. Certainly, the
storage medium may be a component of the processor. The
processor and the storage medium may be located 1n an
application specific integrated circuit (ASIC). In addition,
the ASIC may be located in the user equipment. Certainly,
the processor and the storage medium may be used as
discrete assemblies existing 1n a communication device.

A person of ordinary skill in the art may understand that
all or some of the steps of the method embodiments may be
implemented by a program instructing relevant hardware.
The program may be stored 1n a computer-readable storage
medium. When the program 1s run, the steps of the method
embodiments are performed. The foregoing storage medium
includes any medium that can store program code, such as
a ROM, a RAM, a magnetic disk, or an optical disc.

Finally, 1t should be noted that the foregoing embodiments
are merely used for describing the technical solutions of the
present invention, but are not intended to limit the present
invention. Although the present mvention i1s described 1n
detaill with reference to the foregoing embodiments, it
should be appreciated by a person skilled in the art that,
modifications may still be made to the technical solutions
recorded i the foregoing embodiments, or equivalent
replacements may be made to the part of all of the technical
features; and these modifications or replacements will not
cause the essence of corresponding technical solutions to
depart from the scope of the techmical solutions 1n the
embodiments of the present invention.

What 1s claimed 1s:

1. A data transmission method, comprising:

in a detection period, receiving a first pilot signal sent by
an unmanned aerial vehicle (UAV), the first pilot signal
being a downlink signal obtained by modulating a
useful signal at a preset candidate frequency, and the
preset candidate frequency comprising a frequency 1n a
same frequency band and/or different frequency bands;

selecting at least two preset candidate frequencies from
the same frequency band and/or different frequency
bands, where each frequency band corresponds to one
independent communication link a time division
duplex mode being adopted for communication on the
communication link; and a quantity of selected preset
candidate frequencies and a detection order of the
selected preset candidate frequencies can be defined
and a quantity of communication links can be increased
or decreased according to a quantity of applicable
frequency bands;

determiming a downlink operating frequency from the
preset candidate frequency according to the first pilot
signal;

sending a first feedback signal to the UAV, the first
feedback signal comprising information about the
downlink operating frequency; and

recerving downlink data sent by the UAV and modulated
at the downlink operating frequency

wherein the same Ifrequency band and/or diflerent fre-
quency bands comprise/comprises more than one fre-

quency band of 2.4 GHz, 900 MHz and 5.8 GHz;
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wherein the determiming a downlink operating frequency
from the preset candidate frequency according to the
first pilot signal comprises:

obtaining a power and a noise power of the usetful signal
in the first pilot signal to obtain a signal-to-noise ratio
of the preset candidate frequency corresponding to the
first pilot signal; and

using a preset candidate frequency with a maximum
signal-to-noise ratio 1n the preset candidate frequency
corresponding to the first pilot signal as the downlink
operating frequency;

in a detection period, recerving a second pilot signal sent
by a remote control, the second pilot signal being an
uplink signal obtained by modulating a usetul signal at
a preset candidate frequency, and the preset candidate
frequency comprising a frequency in a same frequency
band and/or different frequency bands;

selecting at least two preset candidate frequencies from
the same frequency band and/or different frequency
bands, where each frequency band corresponds to one
independent communication link a time division
duplex mode being adopted for communication on the
communication link; and

a quantity of selected preset candidate frequencies and a
detection order of the selected preset candidate fre-
quencies can be defined and a quantity of communica-
tion links can be increased or decreased according to a
quantity of applicable frequency bands;

determining an uplink operating frequency from the pre-
set candidate frequency according to the second pilot
signal;

sending a second feedback signal to the remote control,
the second feedback signal comprising information
about the uplink operating frequency; and

receiving uplink data sent by the remote control and
modulated at the uplink operating frequency;

wherein the determining an uplink operating frequency
from the preset candidate frequency according to the
second pilot signal comprises:

obtaining a power and a noise power of the usetful signal
in the second pilot signal to obtain a signal-to-noise
ratio of the preset candidate frequency corresponding to
the second pilot signal; and

using a preset candidate frequency with a maximum
signal-to-noise ratio in the preset candidate frequency
corresponding to the second pilot signal as the uplink
operating frequency.

2. A data transmission method, wherein a quantity of

selected preset candidate frequencies and a detection order
of the selected preset candidate frequencies can be defined
and a quantity of communication links may be increased or
decreased according to a quantity of applicable frequency
bands, the method comprising:

in a detection period, recerving a first pilot signal sent by
an unmanned aerial vehicle (UAV), the first pilot signal
being a downlink signal obtained by modulating a
useful signal at a preset candidate frequency, and the
preset candidate frequency comprising a frequency 1n a
same frequency band and/or different frequency bands;
selecting at least two preset candidate frequencies from
the same frequency band and/or different frequency
bands, where each frequency band corresponds to one
independent communication link a time division
duplex mode being adopted for communication on the
communication link; and a quantity of selected preset
candidate frequencies and a detection order of the
selected preset candidate frequencies can be defined
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and a quantity of communication links can be increased
or decreased according to a quantity of applicable
frequency bands;

determiming a downlink operating frequency from the
preset candidate frequency according to the first pilot
signal;

sending a first feedback signal to the UAV, the first
feedback signal comprising information about the
downlink operating frequency; and

recerving downlink data sent by the UAV and modulated
at the downlink operating frequency;

wherein the determining a downlink operating frequency
from the preset candidate frequency according to the
first pilot signal comprises:

obtaining a power and a noise power of the useful signal
in the first pilot signal to obtain a signal-to-noise ratio
of the preset candidate frequency corresponding to the
first pilot signal; and

using a preset candidate frequency with a maximum
signal-to-noise ratio 1n the preset candidate frequency
corresponding to the first pilot signal as the downlink
operating frequency;

in a detection period, receiving a second pilot signal sent
by a remote control, the second pilot signal being an
uplink signal obtained by modulating a useful signal at
a preset candidate frequency, and the preset candidate
frequency comprising a frequency in a same frequency
band and/or different frequency bands;

selecting at least two preset candidate frequencies from
the same frequency band and/or different frequency
bands, where each frequency band corresponds to one
independent communication link a time division
duplex mode being adopted for communication on the
communication link; and a quantity of selected preset
candidate frequencies and a detection order of the
selected preset candidate frequencies can be defined
and a quantity ol communication links can be increased
or decreased according to a quantity of applicable
frequency bands;

determining an uplink operating frequency from the pre-
set candidate frequency according to the second pilot
signal;

sending a second feedback signal to the remote control,
the second feedback signal comprising information
about the uplink operating frequency; and

recerving uplink data sent by the remote control and
modulated at the uplink operating frequency;

wherein the same Ifrequency band and/or diflerent fre-
quency bands comprise/comprises more than one fre-
quency band of 2.4 GHz, 900 MHz and 5.8 GHz;

wherein the determining an uplink operating frequency
from the preset candidate frequency according to the
second pilot signal comprises:

obtaining a power and a noise power of the useful signal
in the second pilot signal to obtain a signal-to-noise
ratio of the preset candidate frequency corresponding to
the second pilot signal; and

using a preset candidate frequency with a maximum
signal-to-noise ratio 1n the preset candidate frequency
corresponding to the second pilot signal as the uplink
operating frequency.

3. A data transmission system, wheremn a quantity of

65 selected preset candidate frequencies and a detection order

of the selected preset candidate frequencies can be defined
and a quantity of communication links may be increased or
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using a preset candidate frequency with a maximum
signal-to-noise ratio 1n the preset candidate frequency
corresponding to the first pilot signal as the downlink

19

decreased according to a quantity of applicable frequency
bands, the system comprising an unmanned aerial vehicle

(UAV) and a remote control,

the UAV being configured to:

operating frequency;
the remote control being configured to:

in a detection period, receive a second pilot signal sent by > . . ; . . .
a remote control, the second pilot signal being an in a detection period, receive a first pilot signal sent by an
_ _ ’ Pt S S unmanned aerial vehicle (UAV), the first pilot signal
uplink signal f:rbtamed by modulating a useful mgqal at being a downlink signal obtained by modulating a
a preset candldatfa .fr equency, and Fhe preset candidate useful signal at a preset candidate frequency, and the
frequency comprising a frequency in a same frequency 0 preset candidate frequency comprising a frequency in a
band and/or different frequency bands; same frequency band and/or different frequency bands;
select at least two preset candidate frequencies from the select at least two preset candidate frequencies from the
same frequency band and/or different frequency bands, same frequency band and/or ditlerent frequency b{fmds,,
where each frequency band corresponds to one inde- where each frequency band corresponds to one inde-
pendent communication link a time division duplex . pen(cllerll;[ ?Omnéunf[cgtlgn link a tlmet'd1V1810f[1h duplex
mode being adopted for communication on the com- HHOEE DEILZ aCOpict 101 COMIIUNCALION O e COMm-
o Tk munication link;
mumcatlon o _ determine a downlink operating frequency from the preset
determine an uplink operating frequency from the preset candidate frequency according to the first pilot signal;
candidate frequency according to the second pilot sig- send a first feedback signal to the UAV, the first feedback
nal; 20 signal comprising information about the downlink
send a second feedback signal to the remote control, the operating frequency; and
second feedback signal comprising information about recetve downlink data sent by the UAV and modulated at
the uplink operating frequency; and the Flownhnk operating fr CqQuency, _
receive uplink data sent by the remote control and modu- wherein the determining an uplink operating frequency
lated at the uplink operating frequency: 75 from the preset candidate frequency according to the
wherein the same frequency band and/or different fre- SEC gnd pilot signal COIPHISES. ,
quency bands comprise/comprises more than one fre- obtaining a power and a noise power of the useful signal
quency band of 2.4 GHz, 900 MHz and 5.8 GHz: in the second pilot signal to obtain a signal-to-noise
wherein the determining a (iownlink operating frequ éncy ratio of the preset candidate frequency corresponding to
30 the second pilot signal; and

from the preset candidate frequency according to the
first pilot signal comprises:

obtaining a power and a noise power of the usetful signal
in the first pilot signal to obtain a signal-to-noise ratio
of the preset candidate frequency corresponding to the
first pilot signal; and

using a preset candidate frequency with a maximum
signal-to-noise ratio in the preset candidate frequency
corresponding to the second pilot signal as the uplink
operating frequency.
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